Objective: Prevention would be the ideal public health strategy to face the current obesity epidemic. Adoption of healthy lifestyles during the first years of college or university could prevent the onset of weight gain associated with this period of acquired independence and eventually decrease the incidence of obesity. Design: Randomized-controlled trial over a period of 2 years. The subjects received an educational/behavioral intervention (small group seminars) designed to help maintain a healthy lifestyle or no specific intervention (control group). Subjects: One-hundred and fifteen non-obese freshmen in a Faculty of Medicine. Measurements: Anthropometric measurements, physical activity level, fitness level, food intake and lipid profile were recorded at predetermined intervals. Results: The control group gained weight, whereas the intervention group lost a slight amount of weight over 2 years. The difference between the two groups was 1.3 kg at the end of the follow-up, the trend of weight gain differing between the two groups during the 2-year intervention period (P ¼ 0.04). There was no detectable difference in fitness, physical activity level or total caloric intake between the two groups during follow-up. However, plasma triglyceride levels increased in the control group and decreased in the intervention group (P ¼ 0.04). Conclusion: In this randomized-controlled trial, a small-group seminar educational/behavioral intervention successfully prevents weight gain in normal weight young healthy university students. Such small absolute changes in body composition and lipid profile, if maintained over a prolonged period, could result in significant long-term health benefits for the general population (ClinicalTrial.gov registration number: NCT00306449).
Introduction
In the face of the current worldwide obesity epidemic, 1 the International Obesity Task Force concluded that prevention of weight gain would be less costly and more effective than treating obesity once it has established. 2 Both the National Longitudinal Survey of Youth 3 and the National Longitudinal Study of Adolescent Health 4 have confirmed significant and rapid weight gain during the early years of adulthood. The CARDIA study 5 revealed an average rate of weight gain of more than 0.7 kg per year over a span of 10 years in young Caucasian adults aged 18-30 years. Significant weight gain begins during the early 20s, continues throughout adulthood, and slows down when people approach their 60s. 6 Previous large-scale, community-based intervention programs for primary prevention of obesity 7 and promotion of cardiovascular health 8 have failed to demonstrate a sustained benefit on body weight. Interventions in school-aged children 9 also have had limited success, and a recent report from the Center for Disease Control and Prevention underscored the absence of well-structured prevention programs among college students. 9 The 1995 National College Health
Risk Behavior Survey showed that (i) 35% of students were overweight or obese, (ii) only 26% were eating five servings of fruits and vegetables per day and (iii) the majority were not involved in regular exercise. 10 The first years in college are associated with significant weight gain [11] [12] [13] [14] [15] ranging from 1 to 2 kg per year on average. Moreover, alumni observational cohort studies demonstrated that weight gain during the college years increases the risk of obesity-related morbidity 16 and diabetes, 17 even if they had normal weight at admission. We hypothesized that a small group, seminar-based educational and behavioral program aimed at improving lifestyle would prevent the usual weight gain observed in young university students. Our objective was to explore the efficacy of such a program in newly admitted undergraduate students at the Faculte´de Me´decine et des Sciences de la sante´de l'Universite´de Sherbrooke (FMSSUS).
Methods
This study was designed as a pilot randomized, prospective, controlled trial. Informed written consent was obtained from all participants and the protocol was approved by the Human Research Ethics Committee of the Centre Hospitalier Universitaire de Sherbrooke. Eligibility criteria included being a full-time, first-or second-year student at the FMSSUS, having left parental home for less than 2 years and a body mass index (BMI) between 18 and 30 kg/m 2 . Exclusion criteria included any medical condition, regular use of any medication except oral contraceptives, and either being pregnant or planning a pregnancy during the 2 years of the study. We recruited participants by written advertisements, notices in lecture rooms and information tables in corridors of the FMSSUS among two incoming student cohorts in September 2002 and 2003. No financial incentive was offered to the participants. Block randomization according to gender and tertile of BMI of each participant to either the control (no intervention) or intervention (small group seminars) group was performed once the entire cohort was recruited at the beginning of each academic year using computer-generated numbers. One investigator enrolled all the study participants and another who had no contact with the participants generated the allocation sequence.
Intervention
A multidisciplinary team including endocrinologists, a physical education specialist and a dietician designed the intervention that was delivered by an endocrinology resident and a physical education graduate student ( Figure 1 Prevention of weight gain in young adults M-F Hivert et al Small-group interactive seminars of approximately 45 min were offered every 2 weeks for the first 2 months of the academic calendar and every month thereafter for the remaining 2 years (a total of 23 seminars over 2 years). The first three seminars were aimed at increasing knowledge on: weight gain and its complications, national dietary recommendations (Canadian Food Guide) and exercise categories, expected benefits and recommendations for the maintenance of health. The remaining seminars were designed to introduce behavioral modification methods using discussion on problem-solving, goal-setting and monitoring strategies. Some seminars focused on behavioral strategies to maintain a healthy lifestyle during specific periods such as final exams, holidays, winter and vacations. The monitors themselves as well as older students successful at keeping an active lifestyle were offered as role models to promote a positive image of a healthy lifestyle. Compliance with the intervention was defined as attending at least 60% of the seminars.
Outcome measures
The primary outcome was the effect of the intervention on change in weight and BMI over the 2 years of follow-up. Secondary outcomes included the effect of the intervention on change in waist circumference, lean body mass, blood pressure, plasma lipid profile, physical activity level, fitness level and food intake. Other secondary outcomes were to assess the relationship between weight change over 2 years and change in other anthropometric, self-reported physical activity, food intake, lipid levels and fitness. All anthropometric measurements were performed at the Clinical Research Centre of the Centre Hospitalier Universitaire de Sherbrooke at baseline, 3, 6, 12, 18 and 24 months by the same trained personnel in both intervention and control groups. Participants were asked to come early in the morning after a 12-h fast. Weight and height were measured using a calibrated scale (to the nearest 0.1 kg) and a stadiometer (to the nearest 0.001 m), respectively, in light indoor clothing and without shoes. Waist circumference was measured with a flexible tape midway between the last rib and iliac crest, at the end of a normal expiration. Lean body mass was measured by standing electrical bioimpedance (Tanita weight scale model TBF-300A). Blood pressure and pulse rate were recorded at baseline and at the end of the study following a 5-min rest period in the sitting position with an average of three measurements recorded for each subject. Total plasma cholesterol, triglycerides (enzymatic assaysOrtho Diagnostics, Vitros 950, Rochester, NY, USA) and highdensity lipoprotein (HDL)-cholesterol (HDL direct -Beckman, Mississauga, ON, Canada) were measured at baseline and at 2 years of follow-up. At baseline, 1 and 2 years, the leisure physical activity level was assessed by a questionnaire (Canadian Fitness Survey questionnaire 18 ), and fitness capacity (estimated VO 2 max) was measured using the step test of the Canadian Home Fitness Test that can be conveniently used in healthy individuals. 19 Standard 3-day food diaries were completed every year to evaluate total calorie and macronutrient intake. The participants received an instruction sheet to help them fill each food diary. A dietician reviewed the diaries with each individual participant and analyzed the dietary data using the FUEL software (Logiform International Inc, Ste-Foy, QC, Canada).
Statistical analysis
Based on the results of the CARDIA study, 20 at least 55 students per group (assuming a 20% dropout rate) was needed to demonstrate a significant difference of 1.4 kg after 2 years between the control and the intervention group with 90% power and a two-sided a-level of 0.05. Demographic data were compared at baseline using unpaired Student's t-tests. Group differences over time were analyzed using intention-to-treat methods. Mixed model repeated measures analyses of variance (ANOVAs), with time, group and the interaction of both as independent variables, were used to compare changes in all anthropometric data, physical activity level, fitness level, dietary intake, lipid profile and blood pressure between the two groups over the 2-year follow-up. Out of 117 subjects screened, 115 participants met the inclusion criteria and agreed to participate in the study protocol and were randomized into the intervention group (n ¼ 58) or the control group (n ¼ 57). Fourteen students eventually dropped out of the study (six in the control and eight in the intervention group): 10 had discontinued their studies at the FMSSUS and four were non-compliant with outcome measurements. Follow-up was also discontinued in five participants who met pre-specified exclusion criteria during follow-up (two for pregnancy and three for the onset of a medical condition affecting weight). The data from all participants were included in repeated-measures analyses, even those who did not complete the full 2-year follow-up period (nine in the control and 10 in the intervention group), up to the last time point before their withdrawal. There was no statistical difference at baseline between completers and non-completers. A secondary analysis was performed assuming that the last observed weight and BMI was maintained for all subsequent time points, that is the results were carried over the 2 years of the intervention. Spearman's correlations were performed to determine the association between changes in weight over 2 years and baseline variables or change in other secondary outcome measurements over the intervention period. A Po0.05 was considered significant for all of the analyses. Statistical analyses were performed using the SAS 9.1.3 statistical software for Windows (SAS Institute Inc, Cary, NC, USA) by an independent analyst.
Results

Baseline characteristics
Groups were similar for all demographic and clinical measurements at baseline (Table 1) . Participants were mostly ). Food intake, physical activity level and fitness levels were similar in both groups. The cohort was classified as highly active in average (43.0 kcal/kg/day), as per the criteria used by Statistics Canada, 21 and had a 'good' fitness level, according to the population norms established by the Canada Home Fitness Test.
22
Changes in anthropometric, lifestyle and metabolic parameters during the intervention As expected, the control group gained weight over the 2 years of the study. By contrast, the intervention group did not gain weight and even exhibited a slight weight loss after 2 years (Figure 2a ). The change in weight curves diverged significantly during follow-up between the two groups (P ¼ 0.04). Change in BMI showed a similar trend and became significantly lower in the intervention group over the follow-up period ( Figure 2b ) (P ¼ 0.01). There was no difference in height over time or in-between the groups. Secondary analysis with the carry over of the last measured outcome showed similar results, although the difference of weight gain between the two groups was of borderline significance (P ¼ 0.06 for weight, P ¼ 0.01 for BMI). However, the latter analysis assumed that dropouts did not gain weight and may thus be considered more liberal. The ANOVAs were also performed with adjustment for weight at baseline and it did not change our results. Waist circumference and lean body mass did not change significantly over the follow-up period. Non-lean mass (weight minus lean mass) increased in the control group, especially at 12 months, whereas it decreased in the intervention group (P ¼ 0.07). There were small, but not statistically significant differences in self-reported levels of physical activity between the control and intervention groups ( Table 2) . At 24 months, the Prevention of weight gain in young adults M-F Hivert et al average level of physical activity was still considered 'high' in the intervention group (3.18 kcal/kg/day), whereas it had decreased to 'moderate' (defined as 1.5-2.9 kcal/kg/day 21 ) in the control group (2.88 kcal/kg/day). In the control group, measured VO 2 max decreased at 12 months, but returned to levels observed for the intervention group at 24 months. There was no difference in total caloric intake or in intake of the macronutrients. Alcohol consumption, however, increased in the control group and decreased in the intervention group (P ¼ 0.004). The change in total plasma cholesterol level at 24 months over baseline was not significantly lower in the intervention compared with the control group (P ¼ 0.06). Plasma triglyceride levels decreased in the intervention group, whereas they increased in the control group over the 2-year intervention period (P ¼ 0.04).
Compliance with the intervention Thirty-one (53%) out of the 58 students in the intervention group attended more than 60% of the seminars during the first year of intervention, and 15 (26%) during the second year of intervention. Despite the important attrition in attendance rate over the course of the intervention, predetermined outcome measurements were nevertheless performed in 83% of the cohort (48 in the control group and 48 in the intervention group at the 24-month follow-up visit). We analyzed the effect of attendance on weight change and saw a trend favoring those attending at least 50% of the sessions in the first year of intervention, but we lacked power to reach statistical significance. 
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Relationship between change in weight and change in anthropometric, lifestyle and metabolic parameters As expected, change in weight correlated very strongly with changes in waist circumference, non-lean mass and moderately with change in lean mass (Table 3) . Increase in weight also correlated with a reduction in VO 2 max measured by the Canada's Home Fitness Test (r ¼ À0.32, P ¼ 0.005). No significant correlation was detected between body weight change and change in physical activity level measured by questionnaire. However, baseline self-reported activity level was negatively correlated to weight gain (r ¼ À0.32; P ¼ 0.005). Baseline total caloric intake was positively correlated with weight gain (r ¼ 0.27; P ¼ 0.008) but increase in food intake was not associated with increase in body weight. Changes in total cholesterol, triglycerides, lowdensity lipoprotein (LDL) cholesterol and total cholesterol/ HDL cholesterol ratio were all significantly associated with change in weight.
Discussion
The present study demonstrates that an intervention based on social cognitive theory and held as small group sessions over a 2-year period can prevent weight gain usually observed upon entering university life in young healthy students. A smaller weight gain was associated with less reduction in fitness level in the overall cohort. The intervention induced a significant decrease in alcohol consumption, whereas no significant difference in macronutrients or total caloric intake could be detected. Finally, our program was associated with significantly less deterioration in plasma triglyceride levels over 2 years. Of note, the magnitude of weight gain in the control group of the present study is similar to that reported in other college and university cohorts. 12, 13, 15 As expected, low levels of physical activity and higher energy intake at baseline were associated with higher weight gain in our study, but the mechanism explaining the benefit of our intervention on weight gain is unclear at present. The present study was powered to detect a difference in weight gain between the two groups based on the results from the CARDIA longitudinal study in young Caucasians. It is likely that the relatively low number of participants did not allow sufficient power to detect a significant change in food intake using food diaries and physical activity level using the Canadian Fitness Survey questionnaire between the two groups in our study. Underreporting is also a limitation of food dairies and might explain the lack of sensitivity of this method to detect significant differences in total caloric intake with weight gain. Other cohort such as CARDIA did not observe a correlation between total energy intake and weight gain even with a very large number of individuals followed over many years. 23 Alcohol intake, however, was significantly reduced in the intervention group vs control group in the present study. Alcohol intake was reported by only a few individuals and the mean difference in intake accounted for only 1.2% of the caloric intake. We cannot exclude underreporting in the intervention group as a confounding factor. Moreover, there was no significant correlation between change in weight and change in alcohol intake in the entire cohort. Physical activity and fitness decreased in our control group during the first year, in accordance with observations from previous studies. 12, 24 Data from alumni cohorts have shown that a high level of physical activity in college is associated with a lower risk of mortality, 25, 26 cardiovascular diseases 27, 28 and many cancers. 29 Of note, the modest weight gain in our healthy young adult population was associated with an increase in total cholesterol/HDL cholesterol ratio, plasma triglyceride, LDL cholesterol and total cholesterol levels. This is among the first educational and behavioral interventions successful in preventing weight gain in normal weight healthy young adults in a randomized controlled study. Very few interventions have been conducted previously in college populations and most have not been successful. For instance, 21 young women participated in a 4-month nutrition science course and were compared with 19 control women at Iowa State University, 30 but no significant change in weight was observed between the groups. Female (but not male) senior university students participating in a cognitive behavioral-based intervention program 31 exhibited a small increase in self-reported physical activity levels, but the effect on body weight was not reported. After 2 years of follow-up, no difference in physical activity level was observable in either male or female participants. 31 In a study conducted at two collaborating Midwestern US universities, overweight individuals were recruited as part of a supervised 16-month exercise program. Prevention of weight gain in young adults M-F Hivert et al
In 74 out of 131 participants who completed the intervention, participation in a supervised exercise program prevented weight gain in women and produced weight loss in men, 32 demonstrating the importance of physical activity for weight maintenance in young overweight adults. However, our results suggest that prevention of weight gain may also be achieved in young adults with normal weight without a supervised physical training program. Recently, Levitsky et al. 33 also demonstrated the feasibility of preventing weight gain during the first semester of the freshmen year in a cohort of 58 women randomized to a email-based intervention study. Women in the intervention group had to weigh themselves every day and report their weight by email to receive daily feedback about their slope of weight change (based on the past 7 days) or caloric equivalent. Unfortunately, outcome on weight gain after the first semester was not reported in that study. Stice et al. 34 offered an eating disorders class to advanced (mostly fourth year) students in the psychology department at the University of Texas. They measured the impact of the course (42 h) on eating disorders risk factors and symptoms, and on weight gain compared to matched female students in other psychology classes. In their non-randomized study, they observed a significant positive impact of the intervention on self-reported weight gain at the end of the class and 6 months later. Our intervention offered significant impact with moderate intensity of intervention but longer intervention time. It is interesting to note that different educational interventions may prevent weight gain in university students. More research is definitely needed to determine the most effective way to prevent weight gain in young adults in different settings. The results of the present study as well as those cited above clearly show the feasibility of preventing weight gain in young adults and offer hope in our attempt to tackle the obesity epidemics. One limitation of our study is that university students in health care disciplines may be more health conscious than the young adult population in general. Moreover, students who participated in the present study represented approximately 25% of the total student cohorts of 2002 and 2003 at our Faculty. Several of these students lived in dormitories on the medical campus, located away from the main university campus. Thus, some contamination of the lifestyle behaviors between the two groups cannot be ruled out. These factors could perhaps explain why we observed a stabilization of weight gain in the control group during the second year. Other limitations include the relatively small number of participants and the low attendance rate to seminars, especially during the second year of the intervention. However, all of these potential limitations should have reduced the magnitude of benefits of our intervention or the likelihood of detecting a beneficial effect. Future prospective intervention studies including a larger number of participants from other programs than health sciences are needed to determine whether the current intervention program could be of benefit in preventing weight gain in the general population as well as over a prolonged follow-up period. Such a study is currently being planned at our institution. Hopefully, it will also determine the mechanism of benefit of our program on weight gain.
In conclusion, the present study demonstrates the effectiveness of a seminar-based educational and behavioral program to prevent weight gain in young healthy adults in a university setting. A modest reduction in weight gain in healthy adults is associated with detectable benefits on plasma triglycerides. If maintained over a prolonged period, such a degree of prevention in weight gain could translate into substantial public health benefits.
